Articular cartilage injuries can produce significant musculoskeletal morbidity for both young and active aging patient populations. The complex and highly specialized composition of normal hyaline cartilage makes treatment of focal chondral injuries a formidable challenge for the basic scientist, surgeon, and physical therapist. The current array of surgical treatment options offers palliative, reparative, and restorative treatment strategies. Palliative options include simple arthroscopic debridement. Reparative strategies utilize marrow stimulation techniques to induce formation of fibrocartilage within the chondral defect. Restorative tactics attempt to replace damaged cartilage with hyaline or hyaline-like tissue using osteochondral or chondrocyte transplantation. Furthermore, while treatment success is obviously dependent on good surgical selection and technique, the importance of sound, compliant postoperative rehabilitation cannot be understated. The purpose of this article is to review the basic science of articular cartilage, current treatment options available, and outline the clinical decision making involved when using these procedures by presenting the algorithm used at our institution for treating focal cartilage lesions.
defect, resulting in fibrocartilage formation. Large defects may respond poorly to such techniques, however, and may therefore require more sophisticated strategies. 1, 14 The ultimate success of cartilage restoration procedures depends upon preoperative selection and planning, surgical experience and decision-making, and strict compliance to postoperative rehabilitation protocols. Given the importance of postoperative rehabilitation, the success of cartilage restoration procedures falls in the hands of the physical therapistpatient relationship as much as it does in the surgeon's preoperative selection and planning.
The goals of any cartilage restoration procedure are to (1) replace damaged cartilage with hyaline or hyaline-like tissue, (2) reduce a patient's symptoms, (3) return a patient to a productive level of function, and (4) allow for future treatment options should they become necessary. The lattermost of these goals reflects a central tenet of cartilage restoration procedures: preservation of existing cartilage so that future treatment options and rehabilitations are available, should the current procedure fail.
The purpose of this article is to review currently accepted surgical options for chondral injury and provide the treatment algorithm established and used at our institution. The understanding and use of any cartilage restoration procedure, however, begins with an appreciation for the native cartilage and its natural response to injury. Detailed discussion of rehabilitation protocols, with rationale for progression, is beyond the scope of this paper.
Basic Science
The articular cartilage of the knee is hyaline in nature and measures from 2 to 4 mm in thickness. Hyaline cartilage is composed of both a solid and fluid phase. The interaction of these 2 phases provides specific biphasic material properties, described as viscoelastic, which signifies that the load-bearing properties of the tissue are both position and rate dependent.
The solid phase of cartilage, comprising 95% of the tissue by volume, is composed principally of collagen (10% to 20% of total weight) and, to a lesser amount, proteoglycans (4% to 7% of the total weight). 9 These together make up the extracellular matrix of articular cartilage. The collagen is principally type II collagen; however, types V, VI, IX, X, XI, XII, and XIV are also found in cartilage, but still collectively less than the amount of type II collagen. 9 Collagen interacts to form large fibrils that trap large proteoglycan aggregates.
The proteoglycan of interest is aggrecan. Its protein backbone has both chondroitin sulfate and keratan sulfate groups attached to it. Large molecules of aggrecan are formed through the interaction of aggrecan and a hyaluronic acid chain. These complexes (hyaluronic acid and aggrecans) are found throughout the collagen matrix. Due to the numerous negatively charged sulfated groups, the complexes electrostatically interact with cations, ultimately forming ion-dipole interactions with water. Water comprises up to 65% to 80% of the total weight of the tissue. 9 Interaction of water with proteoglycans provides a swollen, hydrated tissue that resists compression.
The resident cell type of cartilage is the chondrocyte. Chondrocytes are sparsely distributed throughout the matrix in both longitudinal and vertical fashion. Collectively, they provide just 2% of the total volume of articular cartilage. 1 Chondrocytes maintain the extracellular matrix surrounding them (just previously described) and are thus imperative for maintaining healthy cartilage, whether in native or transplanted tissue. Chondrocyte survival depends on physical stresses, electrostatic forces, and local paracrine effects. 10, 34 Articular, hyaline cartilage is organized histologically into 4 specialized layers, each providing unique characteristics (ie, fluid dynamics, composition, and architecture) 11 and structure. These layers, from superficial to deep, include the superficial (tangential zone), middle (transitional zone), deep (radial zone), and the calcified layer ( Figure 1 ). The superficial layer protects deeper layers from the shear stresses involved with articulation. For this role, the lamina splendens has collagen fibers (primarily type II and IX collagen) packed tightly together and organized parallel to the articular surface. Unlike other layers, the chondrocytes of the superficial layer are relatively flattened. The integrity of this layer is imperative in protecting and maintaining the deeper layers.
Immediately deep to the superficial zone is the transition zone, which provides an anatomic and functional bridge between the superficial and deep zones. The collagen is organized obliquely and chondrocytes become more spherical in this layer. Functionally, this layer is the first line of resistance to the compressive forces. Bulk resistance to compression is found in the deep zone, where the collagen is organized perpendicular to the articulating surface. Anchoring the collagen-rich layers above it to the subchondral bone, the calcified layer plays an integral role in securing the cartilage to the bone. Between the deep layer and calcified layer is the tidemark. The tidemark provides the deepest resistance to shear and appropriately has collagen fibers orientated parallel with the articular surface. The individual contributions of these distinct layers provide for the superior loading and minimal friction characteristics of the tissue and a primary reason for our difficulty in repairing or replacing this complex tissue.
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Chondral Lesions: ICRS Grading
The grading of articular cartilage lesions is important for research documentation purposes and to permit clinicians to convey information between one another in an accurate manner. Determination of grade is performed at the time of arthroscopy via direct observation and instrumented palpation of the lesion. While several classifications have been described in the literature, 3 The ICRS grading system is based on the depth of the lesion and the degree to which subchondral bone is involved (Figure 2 ).
Epidemiology
The incidence and prevalence of chondral lesions is difficult to gauge both because lesions may be silent and physicians may lack experience in diagnosing chondral injury. A number of retrospective studies, however, have provided estimates of prevalence. In a limited review of 993 knee arthroscopies, Aroen and colleagues 2 found that 11% of patients had a full-thickness lesion of the cartilage. Hjelle and colleagues 28 reported a 5% prevalence of grade III or IV lesions after a review of 1000 arthroscopies. In a larger study reviewing 31 516 knee arthroscopies, Curl and colleagues 15 found that 19 827 (63%) of patients had a chondral lesion. Moreover, of the arthroscopies reviewed, grade III lesions were found in 12 921 (41%) patients and grade IV lesions in 5988 (19%) patients.
While the natural history of chondral lesions has not been clearly delineated, there is evidence to support the idea that an asymptomatic lesion can progress into a symptomatic one, or that a superficial lesion can progress to a full-thickness defect. Messner and colleagues 41 followed unipolar, unicompartmental lesions after surgical debridement and found progressive joint space narrowing on radiographic examination. Furthermore, when considering the potential for a chondral lesion to progress, a patient must be assessed for angular limb malalignment, ligamentous instability, and meniscus deficiency, all of which can contribute to this progression. Malalignment of the knee markedly increases focal contact pressures in articular cartilage, thus potentiating increased mechanical wear in the regions affected.
Complete meniscectomy has also been established as a contributor to osteoarthritic changes in the knee. 33 Even partial resection of the meniscus has been shown to increase stress in the involved compartment. 33 , 41 Cicuttini and colleagues 12 found a 6.5% volumetric loss of cartilage per year after meniscectomy. Finally, ligamentous instability alters the biomechanics of the moving joint and can introduce increasing shear forces on the articular cartilage. It is possible that even with successful ligamentous repair an associated untreated cartilage lesion will progress to a symptomatic problem for the patient. 
Response to Injury
Articular cartilage has limited ability for intrinsic repair secondary to its relatively avascular nature and an apparent lack of chondrocyte division and migration around and into a given zone of injury. Even superficial damage is thought to violate the highly sensitive anatomical and biochemical interdependence of the articular cartilage zones and instigate the development of more significant damage. The early stages of superficial damage (or partial-thickness injuries) are marked by cellular insult. The injured chondrocytes have impaired metabolic capacity and thus cannot maintain the normal proteoglycan concentration. This leads to other alterations in the tissue, such as increased tissue hydration and fibrillar disorganization of the collagen. 35, 37, 38, 47 Together, this ultimately translates, biomechanically, into increased force transmission to the subchondral bone. Reflexively, the subchondral bone experiences a reduction in compliance, which causes impact loads to be more readily transmitted to the damaged cartilage. To combat this process, chondrocytes can only respond by proliferating and increasing the production of matrix molecules at the site of injury. This new matrix, however, typically fails to restore the native surface. 37 The cyclic degeneration described here is thought to contribute to the progression of partialthickness injuries. 46 Full-thickness injuries that penetrate subchondral bone and allow influx of pluripotent marrow elements theoretically have a higher potential for intrinsic repair. 24 The localized bleeding created by disrupting the subchondral bone provides for hematoma formation and a primitive healing response. 20 Migrating mesenchymal stem cells produce type I collagen fibers to fill the full-thickness defect with fibrocartilage. Fibrocartilage falls short in providing the necessary functions needed of articular cartilage. Compared to the functional characteristics of native hyaline cartilage a fibrocartilage matrix has inferior stiffness, resilience, and wear qualities. 48 The absence of meaningful intrinsic healing capacity in articular cartilage, coupled with recent advances in orthopaedic biologic science, has led to the development of multiple operative strategies for addressing focal chondral defects. While individuals with low physical demands may accept palliative therapy in the form of arthroscopic debridement as a temporizing solution, younger individuals with high physical demands require a careful, stepwise approach that includes sophisticated reparative and restorative strategies. Reparative strategies utilize marrow stimulation techniques to induce formation of fibrocartilage. Restorative tactics attempt to replace damaged cartilage with hyaline or hyaline-like tissue using osteochondral or chondrocyte transplantation. 
Cartilage Restoration Techniques and Considerations
To understand the specific indications of available cartilage restoration procedures, a basic familiarity with the techniques themselves is required. There is often overlap in the clinical utility of procedures used to address chondral defects ( Figure 3 ). To facilitate selection of the appropriate procedure for the appropriate patient, our institution has established and follows a specific treatment algorithm that considers lesion size, depth, patient age, and success or failure of previous treatments (Figure 4) . A detailed explanation of the specific indications for each procedure is described later. Finally, treatment of cartilage defects must also take into account the simultaneous or staged correction of limb malalignment, ligamentous instability, or meniscus deficiency. Neglect of such concomitant pathologies can predispose any operative strategy to early failure.
Arthroscopic Lavage and Debridement
The goal of lavage and debridement is to reduce the inflammation and mechanical irritation within a given joint. Debridement can include smoothing of fibrillated articular or meniscal surfaces, shaving of motion-limiting osteophytes, and removal of inflamed synovium. Lavage of the joint is thought to reduce synovitis and pain by washing fragments of cartilage 17 and calcium phosphate crystals from the knee. 56 While not successful in providing a durable benefit in globally arthritic knees, this strategy may offer significant symptomatic relief for select patients. 45 Harwin 27 found through retrospective review that lavage and debridement were of most value in patients with specific localized mechanical symptoms, minimal malalignment, and no history of previous surgery. Additionally, in separate prospective trials, both, debridement 40 and lavage 30 resulted in significant improvements in knee pain when compared to nonoperatively treated cohorts. This procedure represents a reasonable first-line palliative treatment for individuals with low physical demands, but likely does not offer a long-term solution.
Microfracture
The reparative technique that finds the most support in the literature is that of microfracture. The surgical objective of microfracture is the controlled perforation of the subchondral bone plate to permit the efflux of pluripotent marrow elements (eg, mesenchymal stem cells and growth factors) into a chondral defect. 55 The recruitment of such elements into the defect site leads to the production of a fibrin ''superclot'' that evolves and remodels over a period of 12 to 16 months into a fibrocartilage mosaic repair tissue. 18 It is important to note that the fibrocartilage repair tissue is predominantly type I collagen and, as previously discussed, does not resist compression and shear loads as predictably as the native hyaline cartilage.
In the experience of the senior author, indications for microfracture include small (Ͻ2 cm 2 ) unipolar, focal grade III or IV lesions without bone loss that are well-shouldered by normal articular cartilage. The initial step during microfracture is to debride the lesion of all remaining cartilage and scar tissue and establish a well-defined edge, or shoulder, between the bed of the defect and neighboring hyaline cartilage. Doing so provides a mechanical environment that reduces shear and compressive forces on the lesion, thus allowing development of the fibrocartilage repair tissue in a relatively protected environment. A surgical awl is then used to perforate the subchondral plate, creating holes spaced 2 to 3 mm apart and working from the periphery to the center of the defect ( Figure 5 ). The appropriate depth of penetration (2-4 mm) is confirmed by reducing arthroscopic fluid inflow and visually assessing the efflux of blood and marrow from the holes. Following microfracture, compliance with the postoperative rehabilitation protocol is essential to the outcome of the procedure. After a well-executed procedure and compliance with postoperative protocol, this procedure can provide symptomatic relief and functional improvement inexpensively without eliminating other treatment options should they be needed.
An 11-year follow-up by Steadman and colleagues 54 reported significant subjective improvement with respect to the Tegner, Western Ontario, and McMaster Universities' Osteoarthritis Index, Lysholm, and Short Form-36 scores. Self-assessed improvement remained considerable (80% of patients) at 7-year follow-up. A more recent report on a series of 109 patients, mean follow-up of 72 months (36-120 months) by Gobbi et al 23 reported both subjective and objective (ie, Lysholm and Tegner scores) improvements at follow-up as compared to preoperative scores.
Autologous Chondrocyte Implantation
Autologous chondrocyte implantation (ACI) is a cartilage restorative procedure in which a concentrated solution of autologous chondrocytes is implanted into a defect with the goal of restoring hyaline cartilage to the injured area. ACI is often reserved for those patients that have failed traditional first-line treatments such as debridement, marrow stimulation, and osteochondral autograft techniques. The ideal indications are symptomatic, unipolar, wellcontained defects (2-10 cm 2 ) that do not involve violation of the subchondral plate. Contraindications include bipolar lesions (grade II or higher on the opposing surface) and lesions that involve significant bone loss. Malalignment, ligament instability, and meniscus deficiency are relative contraindications that must be corrected simultaneously with, or prior to, ACI.
The first stage of the procedure involves arthroscopic evaluation of the lesion (eg, lesion boundaries, depth, and bone loss) and biopsy of normal articular cartilage (200-300 mg) for in vitro tissue expansion. 42 The cartilage biopsy is taken from a minimally load-bearing region of the knee joint, such as the superomedial edge of the trochlea 22 or the lateral edge of the intercondylar notch. 1 The second stage, implantation, normally occurs 6 weeks to 18 months after graft harvest. The defect is debrided of scar tissue and fibrocartilage back to healthy hyaline borders ( Figure 6A ). Care is taken to avoid penetration of the subchondral plate to prevent mixing of marrow elements and cultured chondrocytes. A periosteal patch is then taken from the anterior tibia and sutured over the defect to create a biologically hospitable, watertight envelope into which autologous chondrocytes can be implanted ( Figures 6B and 6C) .
Patient adherence to the postoperative rehabilitation protocol is essential to the success of the procedure. The rehabilitation protocol for this procedure reflects the 3 phases of natural chondrocyte maturation (proliferative phase, matrix production phase, and maturation phase). 22, 43, 39 Most important to the early phases of recovery is use of continuous passive motion (6-8 hours per day at 1 cycle per minute) to assist in cellular orientation and adhesion prevention. Protected weight bearing is indicated for the first 4 to 6 weeks as matrix production is stimulated through load bearing. It is important to note, however, that the graft must be protected from mechanical overload during this time to protect the delicate periosteal patch. The patient is slowly advanced to full weight bearing to stimulate the maturation phase of cartilage. The general complication rate surrounding the use of periosteal flaps in ACI approaches 20%. Mechanical symptoms, such as catching and clicking, if they occur in the 3-to 6-month period postoperatively, usually suggest flap hypertrophy and resolve with time. If patients remain symptomatic, arthroscopic evaluation of the repaired lesion and debridement of the hypertrophied portion of the flap may be required. If the flap is found to be completely avulsed, then a revision cartilage restoration procedure may be indicated.
The most favorable results of ACI have been reported for isolated femoral lesions, with slightly less favorable results reported for patellar lesions. Peterson et al 51 initially published two 9-year follow-up results with only 62% good to excellent results for ACI of patellar lesions as compared to 89% for femoral lesions. As more attention has been given to performing concomitant tibial tubercle anteromedialization in the case of central and lateral patellofemoral lesions, 4 results for these defects have improved, with 85% of patients with good to excellent results. 51 The senior author (B.J.C.) has reported on treatment of 103 femoral condyle defects, with complete subjective satisfaction reported in 79.3% of patients with a mean follow-up of 27.5 months. 13 Furthermore, recent reports have shown success with ACI in treatment of the talus, 32 proximal humerus, 52 and elbow.
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Osteochondral Grafting
Osteochondral Autograft Transfer Restoration of injured cartilage can also be accomplished through osteochondral autograft or allograft transplantation, particularly in cases that involve loss of both cartilage and underlying bone. Osteochondral autograft is most clearly indicated for a symptomatic, unipolar lesion of the distal femoral condyle in a nondegenerative joint that has proper limb alignment, as well as ligamentous stability and meniscal competence. As with other cartilage procedures, malalignment, ligamentous instability, and meniscal deficiency serve as relative contraindications and must be corrected either simultaneously or in staged fashion with the osteochondral transfer. While large lesions have been treated with osteochondral autograft transfer, the ideal lesion size is 1 to 2 cm in diameter. This limitation exists because of donor site considerations, including limited graft availability and operative morbidity (limitations not seen with the use of osteochondral allografts).
The objective of osteochondral autograft transfer is to take healthy articular cartilage from a minimally load-bearing region of the knee and transfer it to the damaged region of the same knee in a single procedure. In contrast to ACI, this technique involves a single procedure, and transfers an entire osteochondral plug, permitting one to address chondral lesions that include underlying bone loss.
Osteochondral autograft transfer can be performed using an all-arthroscopic technique or by utilizing a small arthrotomy. The donor plug is harvested from a minimally load-bearing site, typically the femoral intercondylar notch for small-diameter plugs or from the edge of the lateral femoral condyle for plugs of larger diameter. Simonian et al 53 compared the contact pressures experienced by these 2 potential donor sites and found that there was significant contact pressure of unknown clinical significance in both of them. Garretson et al 21 investigated 2 alternative locations for donation, medial trochlea, and distal lateral trochlear ridge. Both of these sites demonstrated relatively lower contact pressures. Donor site selection remains dependent in part on the location of the lesion.
The graft is harvested through the use of standardized, commercially available graft harvesters. The harvester is placed perpendicular to the donor site and advanced to 12 to 15 mm into the cartilage and underlying subchondral bone. The harvester is then rotated to facilitate extraction of the donor osteochondral plug ( Figure 7A) .
Preparation of the recipient tunnel is accomplished in a similar fashion, with the exception that the hole is created at a depth of 2 mm less than the donor graft ( Figure 7B ). During tunnel preparation and graft harvesting, particular attention needs to be given to keeping the harvester perpendicular to the articular surface. After the recipient tunnel is prepared, the donor graft ( Figure 7C ) is press-fit atraumatically and initially left slightly proud. The plug is then seated with the use of a tamp, such that it lies flush with the surfaces of the neighboring cartilage ( Figure 7D ).
The postoperative rehabilitation protocol utilizes both passive and active motion to augment graft incorporation. Protective weight bearing is advised for the same reason. Graft healing is assessed through clinical and radiographic evaluation. With evidence of full integration the patient is advanced to full-weightbearing and weight-bearing exercises.
The results of autologous osteochondral grafting in the knee have been excellent and show promise for treatment of lesions in other joints. In a review of their 10-year experience with osteochondral autografting to treat full-thickness lesions of weight-bearing joints, Hangody and Fules 25 report a good or excellent result in 79% of patients when treating patellofemoral defects, 87% when treating tibial plateau lesions, and 92% when treating isolated defects of the femoral condyle. Emerging reports of osteochondral allograft use in other joints have been promising and include the treatment of the talus, 26 femoral head, 25 and elbow.
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Osteochondral Allograft Transplantation In contrast to osteochondral autograft transfer, osteochondral allograft transplantation relies upon tissue taken from cadaveric donors rather than from the patient's own knee. The benefits of allografting include elimination of donor site morbidity and the ability to provide fully formed articular cartilage without specific limitation with respect to defect size. The drawbacks to the procedure are graft availability, cell viability (highly dependent upon graft preparation and preservation technique), immunogenicity, and risk of disease transmission. The indications for osteochondral allograft-ing are similar to those for osteochondral autograft transfer, with the exception of defect size. Given the unrestricted transplantable tissue volume that osteochondral allografting offers, it is often reserved for larger lesions (2-3 cm 2 or greater) that have significant bone loss.
Most transplanted grafts are considered ''fresh tissue grafts,'' meaning they are procured within 12 hours of the donor's death, processed within 14 days of procurement, and transplanted within 28 days without the need for deep-frozen storage. The main sources of graft immunogenicity are blood or bone marrow elements of the graft. To minimize potential immune reaction, these elements are washed from the donor tissue at the time of procurement. Immune reactions that do occur between the host and allograft tissue are thought to be self-limited and do not limit graft success. 19 The chance of disease transmission is nearly eliminated through strict donor screening, sterile procurement and processing, and storage in antibiotic solution.
For osteochondral allograft transplantation, when a size-and side-matched graft becomes available, patients are notified and quickly scheduled for surgery. Availability of osteochondral graft tissue varies with institution and geographic location. To perform the actual procedure, exposure of the lesion to be grafted is accomplished through a mini-arthrotomy. The diameter of the defect is matched to a cannulated sizing cylinder from a commercially available instrumentation system. The cylinder is centered over the lesion and held perpendicular to the cartilage surface, permitting precise central placement of a guide pin. Using a cannulated reaming device, the lesion is then reamed to a depth of 8 to 10 mm, followed by adjunctive drilling with a small diameter bit into the base of the lesion, with the idea of creating multiple vascular access channels that will facilitate graft incorporation ( Figure 8A ). The depth of the recipient socket is such that it provides enough apposition to permit an adequate press fit, but minimizes the volume of immunogenic donor bone implanted.
To harvest the donor osteochondral plug (the allograft tissue), typically a full hemicondyle is secured into a commercially available allograft workstation. The curvature of the harvest site is matched to the curvature of the patient's recipient socket through topographic marking. The 12 o'clock position of the graft is marked on the donor tissue and a Cloward drill bit is used to harvest the donor osteochondral plug ( Figure 8B ).
Before implantation, the allograft is washed with pulsatile lavage to eliminate residual marrow elements, further decreasing the chance of disease transmission and graft immunogenicity. The graft is then press-fit into the socket with careful attention to plug orientation. Once set, the plug is gently im- pacted into the socket with the use of an oversized tamp. The final product is a well-secured, well-seated plug that matches the contour of the neighboring host articular cartilage ( Figure 8C ).
Postoperative rehabilitation includes limited weight bearing for a minimum of 8 weeks and early use of continuous passive motion (6-8 hours per day at 1 cycle per minute). This protocol provides mechanical stimulation for chondrocyte growth and orientation, while preventing premature overload of the graft that can result in subchondral collapse. High-impact sports are not recommended after allografting because of the risk of collapsing the subchondral bone and possible graft deterioration. 49 The outcome of osteochondral allografting has generally been best for younger patients with isolated traumatic lesions or osteochondritis dissecans. In 1985, McDermott and colleagues 39 reported on the outcome of the first 100 osteochondral allograft procedures, in which only 56% of patients demonstrated a good or excellent result at a mean of 3.8 years follow-up. Results have since improved, benefiting from more careful patient selection and advances in allograft processing procedures, surgical technique, and postoperative rehabilitation. Current evidence would suggest that between 75% and 85% of patients undergoing osteochondral allografting can expect subjective improvement. 1 Proper patient selection remains paramount for the success of osteochondral allografting as well as the other cartilage restoration procedures.
SUMMARY
The variegated structure of hyaline cartilage makes treatment of cartilage injuries and, in particular, repair or restoration of full-thickness chondral defects problematic for the basic scientist, surgeon, and physical therapist alike. Lesions may remain clinically silent for indeterminate periods of time, making accurate characterization of incidence and prevalence difficult. Furthermore, the propensity for superficial lesions to progress to full-thickness lesions is poorly understood.
Recent advances in the science of cartilage restoration on both basic science and clinical levels have led to the development of a variety of palliative, reparative, and restorative treatment strategies. Palliative treatment options, such as arthroscopic debridement, may be appropriate as first-line treatment for certain patient populations with low physical demand but likely do not represent viable strategies for individuals with high physical demand. Reparative techniques, such as microfracture and certain restorative techniques as osteochondral autograft transfer, represent durable treatment options for higher-demand individuals with small, contained chondral lesions. More sophisticated restorative strategies, such as autologous chondrocyte implantation (ACI) and osteochondral allograft transplantation, are appropriate for higherdemand individuals with larger chondral lesions or those with significant involvement of the subchondral plate. Additionally, coexisting pathologies, such as angular malalignment, ligamentous instability, and meniscal pathology, must be addressed in either simultaneous or staged fashion to avoid early treatment failure of chondral lesions. Finally, as the majority of these operative techniques rely upon a time-dependent maturation and remodeling of repair tissue for their success, the importance of proper postoperative rehabilitation cannot be overemphasized.
